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Description

Background of the invention:

Field of the Invention:

[0001] The present invention relates to a method of making flue gas harmless by eliminating the harmful effects of
harmful substances contained in flue gas that is generated upon incineration.

Description of the Background Art:

[0002] Various harmful substances are contained in flue gas exhausted from a refuse incineration ground or the like,
and various treating methods are adopted for removing the harmful substances contained in such flue gas. However,
in recent years, extremely toxic chlorides such as dioxins (PCDDS, PCDFS, etc.) may have been contained at a high
concentration in flue gas exhausted from a refuse incineration ground or the like in some cases, which has become a
major social problem.
[0003] The incineration treatment of waste in a refuse incineration ground is generally conducted through (1) a step
of incinerating the waste, (2) a secondary combustion step of heating flue gas generated in the incineration step to a
higher temperature to additionally bum unburned substances (for example, carbon monoxide, low molecular weight
hydrocarbons, etc.) remaining in the flue gas, (3) a heat recovery step and/or a cooling step or recover heat from the
flue gas heated to the higher temperature and/or lowering the temperature of the flue gas, (4) a dust collection step of
removing fly ash in the flue gas, (5) a step of making the flue gas harmless by removing harmful substances in the flue
gas, and (6) a step of exhausting the flue gas treated in the step (5) through a stack. Among these respective steps,
dioxins contained in the flue gas are said to be mainly formed in plenty in (3) the heat recovery and/or the cooling step,
in which the temperature of the flue gas is lowered, and after that step.
[0004] In order to reduce the concentration of chlorides in the flue gas, it is said that spraying of an aqueous solution
of calcium hydroxide on the flue gas, which is generally conducted for removing hydrogen chloride in the flue gas, is
also effective to some extent. However, this method is not always said to be satisfactory. Therefore, in order to more
effectively reduce the chlorides in the flue gas, there is adopted, for example, a method in which flue gas is brought
into contact with an adsorbent such as active carbon or active coke to adsorb and remove chlorides in the flue gas.
Since this method is simple and effective as a method for removing the chlorides, it is adopted in many refuse incin-
eration grounds and the like. However, this method requires to treat waste active carbon on which the chlorides have
been adsorbed and has thus been accompanied by a problem of involving operation cost due to the increase of a step
for subjecting the waste active carbon to a burning treatment at a high temperature and plant cost due to the burning
treatment.
[0005] In DE-A-4027819 a method is described in which the contents of nitrous oxides, polychlorinated p-dioxins
and dibenzofuran in the flue gas are reduced by bringing the combustion gas into contact with a reducing agent such
as ammonia, urea, an organic compound containing amino groups or the like.
[0006] In DE-A-3730141 a method is described in which combustion gas is treated by causing ammonia, urea or the
like to contact this gas at 650 to 1,500°C.
[0007] Further in Patent Abstracts of Japan, vol. 003, no. 138 (C-064) 16. Nov. 1979 of JP-A-54115673 a method is
described in which fly ash collected from the combustion gas is impregnated with a reducing agent such as urea,
hydrazine, nitrile, amide, acetamidine or the like, this fly ash is mixed with the combustion gas and then treated.

Summary of the invention

[0008] The present invention has been completed in view of the foregoing circumstances, and has as its object the
provision of a method of making flue gas harmless, by which the formation of dioxins and the like in the flue gas can
be reduced with good efficiency, and metals contained in fly ash collected in a dust collection step can be prevented
from being easily dissolved out.
[0009] According to the present invention, there is thus provided a method of making flue gas generated upon in-
cineration of waste harmless, which comprises bringing the flue gas into contact with one or more reducing agents,
selected from a group consisting of phosphorous acid, phosphites, hypophosphorous acid and hypophosphites.
[0010] In the method of the present invention, it may be preferred that the flue gas be brought into contact with the
reducing agent in a step in which the temperature of the flue gas is lowered to 1,000°C or lower. It may be more
preferred that the flue gas be brought into contact with the reducing agent in a step in which the temperature of the
flue gas is lowered to from 850°C down to 150°C. It may be preferred that the flue gas be brought into contact with
the reducing agent in a heat recovery step of recovering heat of the flue gas and/or a cooling step of lowering the
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temperature of the flue gas. It may be preferred that the flue gas be brought into contact with the reducing agent after
a heat recovery step of recovering heat of the flue gas and/or a cooling step of lowering the temperature of the flue
gas, but before a dust collection step. In the method of present invention, it may be preferred that fly ash in the flue
gas be collected in a dust collecting equipment after bringing the flue gas into contact with one or more reducing agents
selected from a group consisting of phosphorous acid, hypophosphorous acid and hypophosphites. As a result, ionic
metals contained in the fly ash may be reduced by the reducing agent to keep them in a state hard to be dissolved out
of the fly ash.

Detailed description of the preferred embodiments:

[0011] In the present invention, at least one selected from the group consisting of phosphorous acid, hypophospho-
rous acid and hypophosphites used as a reducing agent. Examples include phosphorous acid, potassium phosphite,
sodium phosphite, sodium hydrogenphosphite, calcium phosphite, magnesium phosphite and ammonium hydrogen-
phosphite. Examples include hypophosphorous acid, potassium hypophosphite, sodium hypophosphite and calcium
hypophosphite.
[0012] A solution composed mainly of a waste solution from electroless nickel plating containing any of the above
phosphorous acid and derivatives thereof and/or any of the above hypophosphorous acid and derivatives thereof may
also be used as the reducing agent. The waste solution from electroless nickel plating basically contains, in addition
of the phosphorous acid or the derivative thereof and/or the hypophosphorous acid or the derivatives thereof, ions
such as a nickel ion, sulfate ion, complexing agent ion and sodium ion, a brightener, a surfactant, a stabilizer, and a
trace amount of metal ion(s) dissolved out of a substance to be plated. The concentrations of these components are
not always constant. However, the waste solution contains, for example, about 10 to 55 g/liter of an phosphite ion,
about 80 to 160 g/liter of a hypophosphite ion, about 4 to 7 g/liter of a nickel ion, about 30 to 75 g/liter of a sulfate ion,
about 30 to 55 g/liter of a complexing agent ion and about 46 to 120 g/liter of a sodium ion and has a pH of about 3.5
to 5.5. Incidentally, the waste solution from electroless nickel plating may be subjected to a denickelization treatment
so as to substantially contain no nickel ion. An alkali compound and an amide compound may be additionally contained
in the waste solution from electroless nickel plating. Examples of the alkali compound include potassium hydroxide,
sodium hydroxide, potassium carbonate, potassium hydrogencarbonate, sodium carbonate and sodium hydrogencar-
bonate. Examples of the amide compound include potassium amide and sodium amide.
[0013] At least two of the above-mentioned reducing agents, which are of the same kind but different from each
other, or are of the different kinds, may be optionally used in combination as the reducing agent. The flue gas generally
contains hydrogen chloride. In order to remove this hydrogen chloride, slurry or powder of calcium hydroxide is usually
sprayed on the flue gas. The contact of the reducing agent with the flue gas can inhibit the formation of dioxins, and
moreover also has an effect of removing hydrogen chloride contained in the flue gas at the same time.
[0014] Even if the precursors of dioxins are contained in flue gas, there is no possibility that dioxins may be formed
from the precursors while the temperature of the flue gas is kept high. However, when the temperature of the flue gas
is lowered, dioxins comes to be formed from the precursors. Therefore, it is preferred that the flue gas be brought into
contact with the reducing agent at a temperature at which the dioxins are easy to be formed from the precursors,
namely, in a step in which the temperature of the flue gas is lowered to 1,000°C or lower in an incineration process of
waste, preferably, in a step in which the temperature is lowered to from 850°C down to 150°C. For example, it is
preferred that the flue gas be brought into contact with the reducing agent in a heat recovery step of recovering heat
of the flue gas and/or a cooling step of lowering the temperature of the flue gas by blowing cooling water against the
flue gas, or after these steps (but before a dust collection step). Methods for bringing the flue gas into contact with the
reducing agent include a method of spraying an aqueous solution or slurry of the reducing agent on the flue gas and
a method of spraying powder of the reducing agent on the flue gas. The amount of the reducing agent used varies
according to the kind of the reducing agent used. In the case of the phosphorous acid or derivative thereof, or the
hypophosphorous acid or derivative thereof, it is preferably 0.01 to 10 g per m3 of the flue gas. In the case where at
least two reducing agents different in kind from each other are used in combination, it is preferred that their amounts
added be suitably controlled within the above preferred ranges of amount of the respective reducing agents to be used
according to the mixing proportions of the reducing agents, and the like.
[0015] In the method of present invention, it is preferred that fly ash in the flue gas be collected in a dust collector
after bringing the flue gas into contact with the reducing agent. As the dust collector, there may be used any known
dust collector such as an electrical dust precipitator, filter dust separator, centrifugal dust separator, gravitational dust
collector or inertial dust collector. According to the method of the present invention, since the flue gas is brought into
contact with the reducing agent, metals (ionic metals) in the fly ash contained in the flue gas are reduced up to a metallic
state by the reducing agent, so that the metals contained in the fly ash become hard to be dissolved out of the fly ash.
Accordingly, when the fly ash in the flue gas is collected and removed after bringing the flue gas into contact with the
reducing agent, secondary contamination due to the dissolving-out of the metals contained in the fly ash can be made
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hard to occur. However, a treatment with a metal scavenger for scavenging and fixing metals contained in the flue gas
and/or the fly ash may be used in combination as needed. A treatment with calcium hydroxide for removing hydrogen
chloride contained in the flue gas may also be used in combination. The metal scavenger and calcium hydroxide may
be brought into contact with the flue gas either separately from or at the same time as the reducing agent. The fly ash
separated and removed from the flue gas may be treated by solidifying it with cement or the like.
[0016] The present invention will hereinafter be described more specifically by the following examples.

Examples 1 to 4 and Comparative Example 1:

[0017] A means for spraying a reducing agent was provided in the course of a flue through which flue gas (flow rate:
16,000 m3/hr-wet) generated by incinerating refuse in a refuse incinerator was exhausted, and the reducing agent was
sprayed by the spraying means to measure the concentration of dioxins contained in the flue gas at the exit of bag
filter (BF) after 2 days from the beginning of the spraying. The results thereof are shown together with measured values
before the beginning of the spraying in Table 1. The supply of the reducing agent was conducted after heat was re-
covered from the flue gas by a heat recovery boiler provided in the flue. The kind, spray form and sprayed amount of
the reducing agent supplied in each Example, and the temperature of the flue gas upon the spraying are shown col-
lectively in Table 1. The flue gas gone through the step of spraying the reducing agent was caused to pass through an
electrical dust precipitator to collect fly ash in the flue gas to test whether mercury was dissolved out of the fly ash or
not in accordance with the testing method of Notification No. 13 of the Environment Agency. The results are shown in
Table 2.
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[0018] As has been described above, the methods of the present invention permit effectively inhibiting the formation
of dioxins in flue gas because the reducing agent is brought into contact with the flue gas in the process of the incin-
eration treatment of substances such as waste. The methods do not require any special plant or step for treating a
waste adsorbent, which is required of a method of adsorbing and removing dioxins formed by an adsorbent such as
active carbon, and hence can contribute to reduction in the concentration of chlorides in the flue gas at low cost. When
fly ash in the flue gas is collected and removed after bringing the flue gas into contact with the reducing agent, ionic
metals contained in the fly ash are reduced up to a neutral metallic state by the reducing agent, so that the methods
of the present invention have an effect of effectively preventing the metals from being dissolved out of the fly ash.

Claims

1. A method of making flue gas harmless by eliminating the harmful effects of harmful substances contained in flue
gas that is generated upon incineration, said method being characterized in comprising bringing the flue gas into
contact with one or more reducing agents selected from a group consisting of phosphorous acid, phosphites,
hypophosphorous acid and hypophosphites.

2. The method according to claim 1, wherein the flue gas is brought into contact with the reducing agent in a step in
which the temperature of the flue gas is lowered to 1,000°C or lower.

3. The method according to claim 1, wherein the flue gas is brought into contact with the reducing agent in a step
which the temperature of the flue gas is lowered to from 850°C down to 150°C.

4. The method according to claim 2 or 3, wherein the flue gas is brought into contact with the reducing agent in a
heat recovery step of recovering heat of the flue gas and/or a cooling step of lowering the temperature of the flue
gas.

5. The method according to claim 2 or 3, wherein the flue gas is brought into contact with the reducing agent after a
heat recovery step of recovering heat of the flue gas and/or a cooling step of lowering the temperature of the flue
gas, but before a dust collection step.

6. The method according to claim 1, wherein the flue gas is collected in a dust collecting equipment after bringing
the flue gas into contact with one or more reducing agents selected from a group consisting of phosphorous acid,
phosphites, hypophosphorous acid and hypophosphites.

Patentansprüche

1. Verfahren zum Unschädlichmachen von Rauchgas durch Eliminieren der schädlichen Wirkungen von schädlichen
Substanzen, die in bei Verbrennungen entstehenden Rauchgasen enthalten sind, wobei das Verfahren dadurch

Table 2

Amount of mercury dissolved out of fly ash
(mg/1)

After 2 days from the
beginning of spraying
of reducing agent

Before the beginning
of spraying of
reducing agent

Example 1 < 0.005 0.053

Example 2 < 0.005 0.074

Example 3 < 0.005 0.086

Example 4 < 0.005 0.026

Comparative
Example 1

0.038 0.049
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gekennzeichnet ist, daß es das in Kontakt bringen des Rauchgases mit einem oder mehreren Reduktionsmitteln,
ausgewählt aus der aus phosphoriger Säure, Phosphiten, hypophosphoriger Säure und Hypophosphiten beste-
henden Gruppe umfasst.

2. Verfahren nach Anspruch 1, wobei das Rauchgas mit dem Reduktionsmittel in einem Schritt in Kontakt gebracht
wird, in welchem die Temperatur des Rauchgases auf 1.000°C oder weniger reduziert wird.

3. Verfahren nach Anspruch 1, wobei das Rauchgas mit dem Reduktionsmittel in einem Schritt in Kontakt gebracht
wird, in welchem die Temperatur des Rauchgases von 850°C auf 150°C reduziert wird.

4. Verfahren nach Anspruch 2 oder 3, wobei das Rauchgas mit dem Reduktionsmittel in einem Wärmerückgewin-
nungsschritt zur Rückgewinnung von Wärme aus dem Rauchgas und/oder einem Kühlschritt zur Verringerung der
Temperatur des Rauchgases in Kontakt gebracht wird.

5. Verfahren nach Anspruch 2 oder 3, wobei das Rauchgas mit dem Reduktionsmittel nach einem Wärmerückge-
winnungsschritt zur Rückgewinnung von Wärme aus dem Rauchgas und/oder einem Kühlschritt zur Verringerung
der Temperatur des Rauchgases, aber vor einem Staubsammelschritt in Kontakt gebracht wird.

6. Verfahren nach Anspruch 1, wobei das Rauchgas in einer Staubsammeleinrichtung gesammelt wird, nachdem
das Rauchgas in Kontakt mit einem oder mehreren Reduktionsmitteln, ausgewählt aus der aus phosphoriger Säu-
re, Phosphiten, hypophosphoriger Säure und Hypophosphiten bestehenden Gruppe gebracht wurde.

Revendications

1. Procédé pour rendre inoffensifs des gaz de combustion par élimination des effets nocifs des substances dange-
reuses contenus dans les gaz de combustion qui sont produits par incinération, procédé caractérisé en ce qu'il
comprend la mise en contact des gaz de combustion avec un ou plusieurs agents réducteurs, choisis parmi l'acide
phosphoreux, les phosphites, l'acide hypophosphoreux et les hypophosphites.

2. Procédé selon la revendication 1, dans lequel on met les gaz de combustion en contact avec l'agent réducteur
dans une étape où la température des gaz de combustion est abaissée jusqu' à une valeur inférieure ou égale à
1000 °C.

3. Procédé selon la revendication 1, dans lequel les gaz de combustion sont mis en contact avec l'agent réducteur
dans une étape où la température des gaz de combustion est abaissée jusqu'à une valeur comprise dans l'intervalle
allant de 850 °C à 150°C.

4. Procédé selon la revendication 2 ou 3, dans lequel les gaz de combustion sont mis en contact avec l'agent réducteur
dans une étape de récupération de chaleur où l'on récupère de la chaleur provenant des gaz de combustion, et/
ou dans une étape de refroidissement où l'on abaisse la température des gaz de combustion.

5. Procédé selon la revendication 2 ou 3, dans lequel les gaz de combustion sont mis en contact avec l'agent réducteur
après une étape de récupération de chaleur où l'on récupère de la chaleur provenant des gaz de combustion, et/
ou une étape de refroidissement où l'on abaisse la température des gaz de combustion, mais avant une étape de
recueil des poussières

6. Procédé selon la revendication 1, dans lequel on reçoit les gaz de combustion dans un équipement de recueil des
poussières après les avoir mis en contact avec un ou plusieurs agents réducteurs, choisis parmi l'acide phospho-
reux, les phosphites, l'acide hypophosphoreux et les hypophosphites.
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